ABSTRACT BACKGROUND: As new hepatitis C virus (HCV) therapies emerge, only 1%-12% of individuals are screened in the US for HCV infection. Presently, HCV screening trends are unknown. METHODS: We utilized the Kaiser Permanente Mid-Atlantic States' (KPMAS) data repository to investigate HCV antibody screening between January 1, 2003 and December 31, 2012. We identified the proportion screened for HCV and 5-year cumulative incidence of screening, the screening positivity rate, the provider types performing HCV screening, patient-level factors associated with being screened, and trends in screening over time. RESULTS: There were 444,594 patients who met the inclusion criteria. Overall, 15.8% of the cohort was ever screened for HCV. Adult primary care and obstetrics and gynecology providers performed 75.9% of all screening. The overall test positivity rate was 3.8%. Screening was more frequent in younger age groups (P <.0001) and those with a documented history of illicit drug use (P <.0001). Patients with missing drug use history (46.7%) were least likely to be screened (P <.0001). While the rate of HCV screening increased in the later years of the study among those enrolled in KPMAS 2009-2012, only 11.8% were screened by the end of follow-up. CONCLUSION: Screening for HCV is increasing but remains incomplete. Targeting screening to those with a history of injection drug will not likely expand screening, as nearly half of patients have no documented drug use history. Routine screening is likely the most effective approach to expand HCV screening.
There are approximately 3.2 million people infected with chronic hepatitis C virus (HCV) in the US, and HCV leads to approximately 12,000 liver-related deaths in the US each year. 1, 2 As new therapies promise opportunity for HCV cure, the public health agenda has placed emphasis on improving HCV screening and engagement in care. 3 The United States Preventive Services Task Force has made a "B" level recommendation that all individuals born between 1945 and 1965 be screened for HCV infection at least once. Similarly, the US Centers for Disease Control and Prevention (CDC) recommends routine, one-time HCV screening for individuals born between 1945 and 1965. 4 Previous studies assessing HCV screening patterns at private health care or managed care organizations report that only 1%-12% of eligible adults are ever tested for HCV. [5] [6] [7] Screening practices, however, typically vary by geographic region, and even between individual practices. 8, 9 Further, previous studies have not considered how HCV screening has changed over time in response to increasing awareness of improved HCV treatments; nor have they considered the rate at which individuals are screened, focusing instead on the proportion of individuals ever screened and factors associated with screening.
Understanding the frequency with which people are screened for HCV is critical to evaluating the marginal benefits and costs of future interventions to expand HCV screening. We employed data from Kaiser Permanente MidAtlantic States (KPMAS), a large integrated health care system that serves a broad array of patients in the Maryland, Virginia, and Washington, DC area to study HCV screening frequency, as well as temporal trends in screening practice.
METHODS Overview
We used the KPMAS's data repository to investigate HCV screening among patients enrolled with KPMAS between January 1, 2003 and December 31, 2012. We investigated rates of screening stratified by age and sex, trends in screening over time, the proportion of patients who had ever been screened for HCV, provider type of those ordering HCV antibody test (HCV Ab), patient-level factors associated with ever being screened, and the test positivity rate.
Data Source
KPMAS is an integrated health care system that serves over 500,000 individuals in Maryland, Virginia, and the District of Columbia. KPMAS includes both public and private insurance programs. Studies in other Kaiser Permanente regions demonstrate that the demographics of its enrollees closely match those of the population it serves. 10, 11 We utilized the KPMAS electronic medical record data repository, which includes information on demographics, clinical encounters, and laboratory test results for all patients enrolled in KPMAS.
For patients with a reactive HCV Ab, we also utilized the KPMAS HCV registry to abstract relevant laboratory results. The KPMAS HCV registry includes 6892 individuals (as of December 31, 2012) enrolled at KPMAS who have documented HCV infection. Inclusion criteria for the HCV registry include:
Positive HCV RNA result or HCV genotype; Two or more prescription refills of anti-HCV medications within 365 days; Positive HCV Ab and 2 or more HCV negative RNA tests after the first positive HCV Ab test; Positive HCV Ab test plus 2 or more outpatient HCV coded visits by a provider; Positive HCV Ab test plus 1 outpatient HCV visit by a provider, or 1 positive HCV Ab test; 2 or more outpatient HCV visits by a provider; HCV inpatient discharge diagnosis with 1 or more outpatient visits to a provider, or an HCV inpatient discharge diagnosis.
Selection of Study Population
Individuals included were aged 18 years, enrolled at KPMAS for at least 8 consecutive months at any time between January 1, 2003 and December 31, 2012 and had at least one primary care visit during the enrollment period. We excluded patients with documented HCV status at enrollment in KPMAS, defined as having any one of the following: documented HCV Ab in the KPMAS registry from a prior enrollment period when the patient was not eligible for this study; a detectable serum HCV RNA or HCV genotype that was ordered before or without HCV Ab and within 6 months of the initial provider visit. Primary care visits included visits to any provider listed as a primary care provider in the KPMAS system.
Measurement
Demographics. Demographics included birth date, sex, race, income, and location of KPMAS service area. Because fewer than 50% of KPMAS member records include race/ethnicity and income data, we used the "Bayesian Improved Surname and Geocoding algorithm," (BISG) to impute missing values. 12 The BISG algorithm links an individual's surname and census block with population data from the US Census Bureau to estimate the probability that the individual belongs to each of 6 distinct racial/ethnic categories (white nonHispanic, black non-Hispanic, Asian/Pacific Islands, Hispanic/ Latino, American Indians/Alaska Native, and multiracial). 13 The method has been validated and demonstrated to accurately estimate the racial/ethnic composition of populations, including the membership in other Kaiser Permanente regions. 14 For patients who reported their race/ethnicity in the KPMAS electronic medical record, the individual probability distributions were replaced by "1" for the indicated racial/ethnic category. Because the majority of racial values were imputed, we conducted all multivariable analyses twice, once including and once excluding race/ethnicity.
Similarly, we imputed income by linking geographically coded addresses with public census data. We used the median household income from the patient's geocoded census tract as patient's household income. This method has been validated previously using KPMAS data. 15 
CLINICAL SIGNIFICANCE
Hepatitis C virus (HCV) screening was risk-targeted; drug users were most likely to be screened. Patients with no documented drug use history (47%) were least likely to be screened, less likely than those with documented history of never using drugs. Screening also was infrequent (14%) in those born [1945] [1946] [1947] [1948] [1949] [1950] [1951] [1952] [1953] [1954] [1955] [1956] [1957] [1958] [1959] [1960] [1961] [1962] [1963] [1964] , where HCV prevalence is highest. Risk-targeted HCV screening resulted in low screening rates in groups with the highest prevalence of HCV.
Drug Use History. Drug use history was extracted from the electronic medical record and reflects patient self-report, as well as physician documentation (or lack of documentation). Documented drug use histories included specific history of both injection drug use and noninjection drug use, as well as a documented history of never using drugs. Because many members had no documented drug use history (missing data) we maintained "missing" as a distinct category in all multivariable analyses.
Laboratory Tests. Laboratory test dates and results included HCV Ab, HCV RNA quantitative level, hepatitis B virus (HBV) surface antigen and surface antibody, HIV antibody, and liver transaminase tests.
Statistical Analysis
We used descriptive statistics, chi-squared analysis, and t-tests to identify: 1) the proportion of individuals who received at least one HCV Ab test during follow-up; 2) the cumulative incidence of obtaining an HCV Ab over 5 years; 3) patient-level factors associated with ever being screened with HCV Ab; and 4) the HCV positivity rate among those screened. We also conducted multivariable logistic regression to analyze the odds of ever receiving an HCV Ab test as a function of birth year, sex, race, income level, KPMAS service area location, HIV-infection status, HBV infection status, history of having 2 sequential alkaline aminotransferase (ALT) levels >60 IU/L, and documented drug-use history.
To investigate the change in screening rates over time, we utilized Cox proportional-hazards modeling, in which receipt of an HCV Ab test was the event of interest. We divided calendar time into 3 periods: 2003-2005, 2006-2008, and 2009-2012 , and allowed patients to accrue follow-up in a time-updated manner such that those who were followed during 2 or more calendar periods contributed time to multiple periods as appropriate.
All analyses were performed using SAS version 9.2 (SAS Institute Inc., Cary, NC). We obtained approval from the KPMAS Institutional Review Board, which waived the requirement for informed patient consent, as well as from the Boston Medical Center Institutional Review Board.
RESULTS
From January 1, 2003 to August 1, 2012, 444,594 patients met the inclusion criteria and were included in the analysis (Figure 1) . The mean age at enrollment was 43.6 years and the median length of continuous enrollment was 49 months (interquartile range 24-108 months). The cohort was 59.7% female, and the imputed racial composition was 36.3% black (non-Hispanic), 39.2% white (non-Hispanic), 8.9% Hispanic, and 15.6% other ( Table 1 ). The imputed median household income was $83,331; 52.0% of patients reported never having used illicit drugs, 46.7% had missing drug use history, 0.6% were HIV-infected, and 0.5% were HBVinfected ( Table 1) .
Proportion of Patients Screened and Factors Associated with Being Screened
Among patients in the analysis, 15.8% were screened for HCV at least once during follow-up ( Table 1) . Adult primary care (44.2%) and obstetrics and gynecology providers (31.7%) performed the majority of screening. Of those born between 1945 and 1964, 14.4% were ever screened for HCV; 16.4% of women and 15.0% of men were ever screened. Among those with documented histories of illicit injection and noninjection drug use, 67.4% and 31.6%, respectively, were ever screened for HCV. Of those with documented history of never using illicit drugs, 19.9% were ever screened, while of those with missing drug use history, 10.9% were screened. Among patients who ever had 2 sequential ALT tests >60 IU/L, 63.9% were ever screened. Of HIV-infected individuals, 75.8% were ever screened for HCV, and 70.2% of HBV-infected individuals were ever screened. In secondary analysis, 20.1% of black patients and 13.4% of non-black patients were screened for HCV infection.
In multivariate logistic regression, more recent birth year was associated with higher odds of being screened for HCV ( Table 2) . Compared with those born in 1945-1954, the adjusted odds ratio of HCV screening for those born in [1965] [1966] [1967] [1968] [1969] [1970] [1971] [1972] [1973] [1974] [1975] [1976] [1977] [1978] [1979] [1980] [1981] [1982] [1983] [1984] , and 1985-1994 were 1.54, 1.66, and 1.72, respectively. Females were more likely to have ever been screened compared with males (adjusted odds ratio
[aOR] 1.12). Clinical factors associated with being more likely to have been screened for HCV included having a documented history of illicit injection drug use (aOR 6.55, vs a documented history of never using drugs) or illicit noninjection drug use (aOR 1.48), having 2 or more sequential ALT levels >60 IU/L (aOR 14.35 vs no sequential ALT >60 IU/L), HIV-infection (aOR 16.35 vs no HIV infection), and HBV infection (aOR 11.16 vs no HBV infection). Patients who had no documentation of their drug use history were less likely to be screened than those who had a documented history of never having used illicit drugs (aOR 0.57). Screening did not differ significantly by the location of the service area. When we included imputed race Note: Household income was conducted by t-test; all other analyses were conducted using c 2 . *Fewer than 50% had documented race in the KPMA medical record. For such patients we imputed racial data using the Bayesian Improved Surname Geocoding Algorithm (see Methods section for details). Patients who did not have adequate data for imputation are included in this table as racial category "unknown." †US$; Most recent median household income was derived from US census data (see Methods for details). 13 and income in the analysis, black patients were more likely to be screened compared with white patients (aOR 1.73). Those with annual income $100,000 were more likely to be screened than those with income <$57,000 (aOR 1.13), as were those with income $57,000-$78,999 (aOR 1.09 vs income <$57,000).
Cumulative Incidence of HCV Screening, Screening Rates, and HCV Positivity Rate
The 60-month cumulative incidence of screening was 11.5% for males and 12.2% for females (11.9% for in total) (Figure 2) . The 60-month cumulative incidence of screening was highest among females born 1985-1994 (24.6%) and lowest among females born before 1944 (5.5%). At all time points, the cumulative incidence of screening was highest among those born between 1985 and 1994, and it decreased monotonically with older age. The rate of screening was not linear. Nearly half of all screening (43.7%) occurred in members' first 12 months of enrollment, while only 9.5% occurred in year 5. Among those who had an HCV Ab test, the highest positivity rate among females and males were those born between 1945 and 1954 (6.3% and 14.3%, respectively). The overall positivity rate among females and males was 2.5% and 6.0%, respectively (3.8% in total) ( Table 3) . *Fewer than 50% had documented race in the KPMA medical record. For such patients we imputed racial data using the Bayesian Improved Surname Geocoding Algorithm (see methods section for details). Patients who did not have adequate data for imputation (N¼ 21,954) were excluded from multivariable analyses. †US$; Most recent median household income was derived from US census data (see Methods for details). 
DISCUSSION
This analysis demonstrates that among patients attending a large US integrated health care system, 15.8% had ever been tested for HCV with serum antibody. Testing rates were significantly higher in high-risk groups such as injection drug users, HIV-infected, HBV-infected, and those with sequential ALT levels >60 IU/L (although even in these highest-risk populations, substantial numbers of patients were never screened). Screening rates within KPMAS are higher than those reported elsewhere. Roblin et al 5 report that in Georgia, HCV serum antibody testing was performed in 4.3% of the population analyzed, with a 5.15% positivity rate. Similarly, Spradling et al 6 report that across 4 managed care organizations in the US (not including KPMAS), 12 .7% of adults were tested for HCV, with a positivity rate of 5.5%. In that study, characteristics independently associated with being tested for HCV were being in the 30-59 years age group and being black or American Indian/Native Alaskan. 6 In our study, screening rates were lower than anticipated in those born 1945-1965, the birth cohort with the highest reported prevalence of HCV infection nationally, and the cohort with the highest positivity rate among those screened in this analysis. 16 The high prevalence of HCV in this group, which likely reflects both an unsafe blood supply throughout much of this cohort's lifetime and a high prevalence of at least one-time injection drug use, 17 motivated the recent CDC recommendation for routine HCV screening among those born 1945-1965 without further risk stratification. 4 It is important to note that CDC released its guidelines only at the end of this study's follow-up period. Further, the US Preventive Services Task Force did not recommend birth cohort-based screening during the time period of this study. 18 As a result, providers in this study likely followed guidelines for HCV screening based on HCV risk behaviors, not age.
This analysis thus demonstrates the potential deficiencies of risk-targeted HCV screening. This cohort had generally low screening rates, and 46.7% of patients had no documentation of screening for drug-use behaviors in their medical record, despite the existence of a dedicated field for drug use history in the electronic medical record. Patients without documented drug use history had the lowest HCV screening rates-even lower than those who had a documented history of never using illicit drugs. The findings suggest that few providers discuss drug use with their patients, and that unless providers actively consider drug use when taking medical histories, they are unlikely to subsequently offer HCV testing.
The analysis also suggests the potential strengths of nontargeted HCV screening. Within KPMAS, screening rates were highest among young women. Given that gynecologists accounted for approximately one third of all HCV Ab tests ordered, the finding likely reflects the local practice of more routine screening for HCV as part of sexually transmitted disease or gynecologic care (personal communication with MAH, 2013). The test positivity rate among women born 1985-1994 was 0.3%, corresponding to a number needed to screen to find one case of HCV infection of 333 people. While the value of screening this lower-risk population is best estimated through formal decision analysis, the unexpectedly high rate of screening among young women is proof of concept that routine, rather than risktargeted, HCV screening within an integrated health care network does expand the proportion of people who know their HCV status.
Finally, this analysis shows that even without changes in guidelines or dedicated resources, HCV screening in the US is expanding. Patients engaged with KPMAS in the later periods of the study were significantly more likely than those at the beginning to be tested for HCV. Overall, however, testing rates remained low among study subjects. Therefore, this finding should not create a false impression that secular trends will likely expand HCV screening to the extent necessary to achieve HCV screening rates recommended by the CDC.
There are several limitations to this analysis. First, categorical racial data are incomplete in the KPMAS electronic medical record for the time period studied. We imputed missing values, however, using a valid method, and also report results without including imputed data.
14 Additionally, we lacked complete data to assess drug use histories. 17, 19, 20 We maintained a "missing" value for drug use history, however, and found that the missing data were themselves informative. Similarly, income-level data are based on geocoding and not based on individual patient reporting. Lastly, the dataset included only laboratory results and visits within the KPMAS system. Some patients may have had HCV screening before enrollment in KPMAS, or at an outside site. KPMAS is generally a closed network, however, and most members receive care within the network, minimizing the risk of unobserved events.
In conclusion, this study demonstrates that in a large US integrated health care system, screening for HCV infection is incomplete and largely targeted at patients with known risk factors for HCV, such as HIV or HBV infection, or those with elevated liver transaminase levels. Other risk factors, such as history of drug use, are infrequently documented, and those without documentation of drug use history are less likely to be screened. Further, screening is incomplete in the age groups that have the highest prevalence of HCV infection in the general US population. While HCV screening rates have increased over time, few patients are currently ever screened. As more effective HCV therapies become available, interventions are needed to expand HCV screening in the US. 
